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(54) MULTILAYER SOUND ABSORBING STRUCTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To absorb ultra low frequency 
sound and reduce the number of processes for a multilayer 
sound absorbing structure in a shorter construction period by 
arranging a hard porous material, a soft porous material and a 
hard porous material in sequence from a sound source side as 
well as a sound insulating plate via an air layer. 
SOLUTION: A multilayer sound absorbing structure 10 is 
formed with a hard porous material layer 1 1 , a soft porous 
material layer 12 and a hard porous material layer 13 
respectively having continuous ventilating holes, in sequence 
from a sound source side, and an air layer 14. The air layer 14 is 
formed between the hard porous material layer 13 and a sound 
insulating plate B located outside. The hard porous material 
layer 1 1, the soft porous material layer 12 and the hard porous 
material layer 13 are formed of foamed concrete, glass wool and 
rock fiber, respectively. Three layers 11, 12, 13 are continuously 
formed. In the multilayer sound absorbing structure 10, the hard 
porous materials 11, 13, the soft porous material 12 and the air 
layer 14 serve equivalently for mass, attenuation and spring 12 
respectively to compose mechanical vibration system and absorb ultra low frequency sound. 
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* NOTICES * 

r 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the multilayer absorption-of-sound structure for infrasound absorption of sound which formed 
two or more acoustic material in the multilayer in piles. Said multilayer The 1st layer which consists of 
aerated concrete which is a hard porous body, and the 2nd layer which consists of glass wool which is an 
elasticity porous body, the 3rd layer which consists of rock wool which is a hard porous body — this — the 
multilayer absorption-of-sound structure characterized by consisting of the 3rd layer and the 4th layer which 
consists of an air space formed between the noise insulation plates arranged in the outside. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the high multilayer absorption-of-sound structure of the 
absorption-of-sound effectiveness to extremely low frequency 20Hz or less about the multilayer absorption- 
of-sound structure in detail. 
[0002] 

[Description of the Prior Art] Conventionally, various acoustic material, such as rock wool and glass wool, 
is known, and various multilayer absorption-of-sound structures which raised the absorption-of-sound 
effectiveness to the multilayer in piles are also proposed in such acoustic material. 

[0003] The multilayer absorption-of-sound structure like JP,4-55360,Y is proposed as what absorbs sound 
effectively the low frequency sound especially generated from industrial machines, such as a low frequency 
field (40Hz or less), for example, an oscillating screen, a vibrating feeder, and a reciprocation type 
compressor. 

[0004] Moreover, according to the construction site situation in recent years, preparing the pollution 
problem of the noise from the above-mentioned machine, dust, etc. and an enclosure like [ it talks about the 
scene problem further and ] a noise-proof wall as these cures is performed. 

[0005] In addition, the field where a cure is difficult and poses a problem especially as a pollution problem 
among the above-mentioned low frequency fields was an extremely-low-frequency band (20Hz or less), 
since infrasound here had the long frequency, it was easy to spread it to the apogee, and it had become the 
backlash sound of fittings, and the cause of a headache and nausea depending on the case. 
[0006] Although the almost satisfying absorption-of-sound effectiveness had been acquired to such 
infrasound in said JP,4-55360,Y, the absorption-of-sound structure needed many layers, such as six layers. 
[0007] An example of this absorption-of-sound structure of six layers is shown in drawing 1 1 . In drawing 
1 1 , the low frequency sound generated from the sound source Incidence is carried out to the hard porous 
body layer 1 which has the continuation air hole of the 1st layer in a travelling direction alpha. The air space 
2 of the 2nd layer, the hard porous body layer 3 which has the continuation air hole of the 3rd layer, the 
elasticity porous body layer 4 which has the continuation air hole of the 4th layer, the hard porous body 
layer 5 which has the continuation air hole of the 5th layer, and the air space 6 of the 6th layer are passed, 
and it results in a wall surface W. The above-mentioned low frequency sound declines and absorbs sound by 
the mechanical oscillation system which consists of these six layers. 

[0008] When preparing an enclosure using a multilayer-structure object, internal sound pressure increases 
by the enclosure function, and the necessary absorption-of-sound effectiveness may be unable to be 
demonstrated. For this reason, although a resonator (resonator) is installed into an enclosure, a resonator 
absorbs sound by making two or more kinds of things [ many ] stand close together, when it is tuned up so 
that the high absorption-of-sound effectiveness may be acquired on a specific frequency, and it is going to 
absorb sound over the frequency band of a certain range. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, absorption-of-sound structure with many 
layers which call a low frequency field, especially infrasound 6 layer structures for absorbing sound 
effectively according to the conventional multilayer absorption-of-sound structure is required. Moreover, it 
is required to prepare an air space between the layers of acoustic material by the mechanical oscillation 
system of 6 layer structures in this case, since that permutation has also become settled. For this reason, 
there were complication of construction by complication of structure and a problem of the increment in the 
man day and the time necessary for completion accompanying this. Moreover, when preparing an enclosure 
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for consideration of an environment, although a resonator is installed into an enclosure, in order to carry out 
a large number standing close together, it is disadvantageous in respect of an effective tooth space and the 
increment in facility cost. 

[0010] In order to solve such a problem, when this invention is made, and effective absorption of sound of 
infrasound is possible for it, and the simplification of structure and reduction of the man day and the time 
necessary for completion accompanying this are still more possible for it and it prepares an enclosure also 
with the simplified structure, it is excellent in the absorption-of-sound effectiveness, and it aims at offering 
the absorption-of-sound structure which can secure an effective tooth space. 
[0011] 

[Means for Solving the Problem] As a means to solve the above-mentioned technical problem, this invention 
is the multilayer absorption-of-sound structure for infrasound absorption of sound which formed two or 
more absorption-of-sound layers in the multilayer in piles. Said multilayer The 1st layer which consists of 
aerated concrete which is a hard porous body, and the 2nd layer which consists of glass wool which is an 
elasticity porous body, the 3rd layer which consists of rock wool which is a hard porous body — this — the 
multilayer-structure absorption-of-sound object characterized by consisting of the 3rd layer and the 4th layer 
which consists of an air space formed between the noise insulation plates arranged in the outside is 
proposed. 
[0012] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained based on drawing 1 
(a). The multilayer absorption-of-sound structure 10 as a noise-proof wall is formed using the multilayer 
absorption-of-sound structure mentioned above. The multilayer absorption-of-sound structure 10 shown 
here consists of the hard porous body layer 1 1 which has the continuation air hole whose number is the 1st 
sequentially from the sound-source side S, an elasticity porous body layer 12 which has the continuation air 
hole whose number is the 2nd, a hard porous body layer 1 3 which has the continuation air hole whose 
number is the 3rd, and an air space 14 of the 4th layer, and the quality of the material of the 1st layer, the 
2nd layer, and the 3rd layer consists of aerated concrete, glass wool, and rock wool, respectively. These 
three layers are formed continuously and the air space 14 of the 4th layer is formed between the 3rd layer 
and the noise insulation plate B which is outside farther. Here, the aerated concrete of the 1st layer adds an 
aluminium powder (foam) to a slurry (SEMEITO base), is made to foam with the hydrogen gas which these 
react and is generated, and should just suit JIS-A -1 162. However, since it uses as not a thing but the 
acoustic material used as structure material, bulk specific gravity is 0.5 g/cm3. The following is desirable 
and the thing of the range of bulk specific gravity 0.27 - 0.35 g/cm3 (porosity 85 - 90vol%) is still more 
desirable. The glass wool of the 2nd layer fuses glass, is the glass wool acoustic material which fibrosed 
with the flame method, the centrifuge method, the eddy current method, etc., and fabricated this the shape of 
felt, and in the shape of a board with adhesives, and should just suit JIS-A -6306. The rock wool of the 3rd 
layer uses rock wool as the main raw material, is the rock wool makeup acoustic tile fabricated to tabular 
using binding material and a chemical admixture, and should just suit JIS-A-6307. Bulk specific gravity is 
0.5 g/cm3 equivalent to aerated concrete. The following is desirable. In addition, that the noise insulation 
plate concerning this invention should just be a thing of a property which reflects a sound, as a gestalt of the 
noise insulation plate concerned, it may be constituted in one with said four layers, and when carrying out 
site operation to the existing structures (for example, sound isolation enclosure etc.), said noise insulation 
plate may be constituted by the wall surface of the structure concerned. 

[0013] Next, an operation of this acoustic material is explained, it is shown in drawing 1 (b) — as ~ the thing 
of the absorption-of-sound structure 10 of four layers of this invention — mainly — the 1st — layer 1 1 and the 
3rd — layer 13 — mass — 12 constitutes the 2nd layer of attenuation and the mechanical vibration system by 
which 14 [ layer / 4th ] is equivalent to a spring, the sound energy of an extremely-low-frequency band 
declines by this, and infrasound is absorbed. 

[0014] In the vibration system of this spring-mass system, resonance frequency can be lowered to extremely 
low frequency by changing the mass of the 1st layer. In order to make it absorb sound efficiently in an 
extremely-low-frequency band at this time, it is required of it being efficient to heat energy and 
transforming the sound energy of extremely low frequency to it. Then, sound energy is effectively 
convertible for heat energy by adopting aerated concrete with a high acoustic absorptivity as the hard porous 
body layer which is independently, and even if it is absorption of sound of infrasound by this, a high 
acoustic absorptivity can be held. Therefore, making the 3rd layer of the 1st layer of the aerated concrete of 
1 1 thicker than the rock wool of 13 makes it the thickness often and preferably exceeding twice. 
[001 5] Moreover, since continuation formation is carried out in said three the 1st layer to layer [ 3rd ] a 
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small number of layers, construction is simplified and reduction of a man day and the time necessary for 

completion can be aimed at. 

[0016] 

[Example 1] The relation between absorption-of-sound structure and an acoustic absorptivity is explained 
using drawing 2 - drawin g 8 (an acoustic absorptivity means a normal incidence sound absorption 
coefficient here). As shown in drawing 2 , the absorption-of-sound structure 20 was manufactured as an 
example of this invention. This absorption-of-sound structure 20 consists of four layers located in a line 
sequentially from the sound-source side S, and 21 [ layer / 1st / layer / 2nd / layer / 3rd ] is the aerated 
concrete which has a continuation air hole, the glass wool in which 22 has a continuation air hole, and a rock 
wool shaping plate with which 23 has a continuation air hole. As for these three layers, multilayer structure 
with a thickness of 120mm is formed continuously, and, as for the thickness of each class, 23 [ layer / 3rd / 
layer / 1st / layer / 2nd ] sets 19mm and the 101 remainingmm to 21 by 22 for about 2 minutes, furthermore, 
the steel plate panel P with a thickness of 9mm which is a noise insulation plate is formed in the outside of 
this multilayer-structure object, and it is an air space between said multilayer structure and said steel plate 
panels P - 24 [ layer / 4th ] is formed by 380mm in thickness. 

[0017] Next, the difference in the acoustic absorptivity of the hard porous body which has a continuation air 
hole in drawing 3 , and an elasticity porous body is shown. The aerated concrete with which the compared 
ingredient requires a hard porous body for this invention, conventional foaming aluminum, and an elasticity 
porous body are glass wool. Moreover, each absorption-of-sound structure prepares 50mm acoustic material 
and a 450mm air space from a sound-source side. A hard porous body has a high acoustic absorptivity so 
that clearly from drawing 3 , and it turns out that the aerated concrete concerning especially this invention is 
excellent in the acoustic absorptivity in a simple substance. 

[0018] Moreover, drawin g 4 shows the difference in the acoustic absorptivity of the absorption-of-sound 
structure 20 concerning the example mentioned above, and the example 1 of a comparison at the time of 
transposing the 1st layer to foaming aluminum. The extremely-low-frequency band shows the acoustic 
absorptivity superior to the example 1 of a comparison, and, as for the absorption-of-sound structure 20 
concerning the example which prepared the 1st layer of aerated concrete in 21, it turns out that aerated 
concrete is suitable for the 1st layer of the 1st step of mass as used in the field of the mechanical oscillation 
system of absorption of sound of infrasound, i.e., absorption-of-sound structure. 

[0019] Drawin g 5 shows the difference in the acoustic absorptivity of the absorption-of-sound structure 20 
concerning the example mentioned above, and the example 2 of a comparison at the time of [ that ] 
transposing only 22 [ layer / 2nd ] to elasticity rock wool. 20 absorption-of-sound structures concerning the 
example which prepared the 2nd layer of glass wool in 22 show the acoustic absorptivity superior to the 
example 2 of a comparison in the extremely-low-frequency band, and it turns out that glass wool is suitable 
for the 2nd layer (the attenuation as used in the field of the mechanical oscillation system of absorption of 
sound of infrasound, i.e., absorption-of-sound structure). 

[0020] Drawing 6 shows the difference in the acoustic absorptivity of the absorption-of-sound structure 20 
concerning the example mentioned above, and the example 3 of a comparison at the time of [ that ] 
transposing only 23 [ layer / 3rd ] to foaming aluminum and the example 4 of a comparison at the time of 
[ that ] transposing only 23 [ layer / 3rd ] to aerated concrete. The extremely-low-frequency band shows the 
acoustic absorptivity superior to the examples 3 and 4 of a comparison, and, as for the absorption-of-sound 
structure 20 concerning the example which formed the 3rd layer of a rock wool shaping plate in 23, it turns 
out that the rock wool shaping plate is suitable for the 3rd layer of the 2nd step of mass as used in the field 
of the mechanical oscillation system of absorption of sound of infrasound, i.e., absorption-of-sound 
structure. 

[0021] Drawin g 7 shows the difference in the acoustic absorptivity of the absorption-of-sound structure 20 
concerning the example mentioned above, and the example 5 of a comparison at the time of [ that ] not 
preparing the 4th layer of the air space of 24. The example 5 of a comparison which did not prepare the 4th 
layer of an air space in 24 has an acoustic absorptivity lower than the example at the time of preparing two- 
layer [ of the aerated concrete or foaming aluminum which is the hard porous body which the acoustic 
absorptivity lower than the absorption-of-sound structure 20 which starts an example in an extremely-low- 
frequency band is not only shown, but has the continuation air hole shown in above-mentioned drawing 3 , 
and an air space ]. That is, by lacking the air space of the 4th layer which is a spring, when the mechanical 
oscillation system of absorption of sound of infrasound is constituted shows that an acoustic absorptivity 
gets worse sharply. 

[0022] When the 1 st layer of the 3rd layer of the permutation to 23 is changed from 21 among the 
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absorption-of-sound structure 20 concerning the example mentioned above in drawing 8 , and its absorption- 
of-sound structure 20, the difference in the acoustic absorptivity of an about is shown. In addition, the 
permutation of the example 6 of a comparison to the example 9 of a comparison in drawing is as in Table 1 . 
[0023] 
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[0024] As shown in drawing 8 , in showing the acoustic absorptivity which was superior to which [ of the 
example 6 of a comparison to the example 9 of a comparison ] case in the extremely-low-frequency band, 
and constituting the mechanical oscillation system of absorption of sound of infrasound, the 1st step of mass 
understands that air is the the best for rock wool and a spring in glass wool and the 2nd step of mass as the 
component for the example concerning this invention at aerated concrete and attenuation. 
[0025] As mentioned above, it hits absorbing sound by the multilayer absorption-of-sound structure in 
infrasound. The structure is constituted from four layers, the hard porous body layer, the elasticity porous 
body layer, hard porous body layer, and air space which have a continuation air hole sequentially from a 
sound-source side. The 2nd layer of the 1 st layer of the thing acquired for aerated concrete and the acoustic 
absorptivity which was excellent also in 4 layer structures like this invention in 22, without using multilayer 
structure of no less than six layers like before glass wool and by making 23 [ layer / 3rd ] into rock wool 
becomes clear 2 1 . 
[0026] 

[Example 2] Next, another example of this invention is explained based on drawin g 9 - drawing 10 . What is 
shown in drawin g 9 is the example which applied the multilayer absorption-of-sound structure of this 
invention to the sound isolation enclosure. The noise insulation plate of the absorption-of-sound structure of 
this invention is equivalent to the outer wall of the sound isolation enclosure 30, and the absorption-of- 
sound structure itself consists of this example as a sound isolation enclosure 30. Sound pressure change of 
the infrasound generated from the vibration screen machine 31 installed in the interior of the sound isolation 
enclosure 30 was measured within and without the sound isolation enclosure 30, and the sound-pressure- 
level reduction effectiveness of infrasound was checked. 

[0027] Although the absorption-of-sound structure concerning this example is almost the same as that of the 
absorption-of-sound structure 20 shown in above-mentioned drawin g 2 , the steel plate panel P is different 
only at the point constituted with the outer wall of a sound isolation enclosure. 

[0028] the inside dimension method of the sound isolation enclosure 30 which applied the absorption-of- 
sound structure concerning this example — 12000Lx9700W x8645H mm — it is — the interior floor line 32 
of sound isolation enclosure 30 — the vibration screen machine 31 was installed so that it might be mostly 
located in the center. In addition, the air spring (not shown) is inserted among both in order to intercept the 
vibration to a floor line 32 from the vibration screen machine 3 1 . 

[0029] The measurement result at this time is shown in drawing 10 . The axis of ordinate of drawing 10 R> 
0 expresses an extremely-low-frequency level value (dB), and the axis of abscissa expresses the measuring 
point (m). In addition, the sound isolation enclosure is made into the criteria location 0 (m). Moreover, the 
measurement result at the time of applying the absorption-of-sound structure of this invention for the 
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measurement result at the time of using only an outer wall for a sound isolation enclosure for the 
comparison of effectiveness with ** notation is expressed as ** notation. 

[0030] The difference of a measurement result with the case where the absorption-of-sound structure of the 
case where only an outer wall is used for a sound isolation enclosure, and this invention is applied is [ in the 
wall of a sound isolation enclosure to -lm location ] 9-3. 5dB in 19dB and 20-40m location of external in the 
outer wall of 7dB and a sound isolation enclosure to lm location, and the large sound-pressure-level 
reduction effectiveness was acquired so that clearly from drawing 10 . Moreover, since the air space was 
unnecessary, structure and construction were simplified between that absorption-of-sound structure 
decreased from six conventional layers to four layers, and the layer of acoustic material, and the man day 
and the time necessary for completion accompanying this decreased sharply. Furthermore, since the interior 
of the absorption-of-sound structure was carried out to the inside of a sound isolation enclosure, the 
effective tooth space was securable. 
[0031] 

[Effect of the Invention] Since effective absorption of sound of infrasound can be performed and the number 
of layers decreases further according to this invention also with the structure where the multilayer 
absorption-of-sound structure which was excellent in the sound absorption characteristics of infrasound by 
adopting the lamination which combined the layer of the specific quality of the material organically was 
offered and simplified, as mentioned above, simplification of structure and reduction of the man day and the 
time necessary for completion accompanying this can be performed. Moreover, when preparing an 
enclosure, effective absorption of sound can be performed, and an effective tooth space can be secured 
further. 

[Translation done.] 
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[Drawing 1] 
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[Drawing 4 
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[Drawin g 5] 
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[Drawing 6] 
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[Drawin g 7] 
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[Drawing 8] 
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[Drawin g 10] 
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[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/30/2006 



Searching PAJ 



1/2 V 



PATENT ABSTRACTS OF JAPAN 



(11 publication number : 10-140700 
(43)Date of publication of application : 26.05.1998 



(51)Int.CI. 



E04B 1/86 
G10K 11/162 
G10K 11/16 



(21 Application number : 08-312733 
(22)Date of filing : 08.1 1.1996 



(71) Applicant 

(72) Inventor : 



KOBE STEEL LTD 

TANAKA TOSHIMITSU 
HAYASHI NOBUTERU 
YAMAGIWA ICHIRO 
FUJINAMI GEN 
YOSHIMURA TOSHIO 



Vr. r 



mm 



(54) MULTILAYER SOUND ABSORBING STRUCTURE 

(57)Abstract: WW 
PROBLEM TO BE SOLVED: To absorb ultra low 
frequency sound and reduce the number of processes 
for a multilayer sound absorbing structure in a shorter 
construction period by arranging a hard porous material, 
a soft porous material and a hard porous material in 
sequence from a sound source side as well as a sound 
insulating plate via an air layer. 

SOLUTION: A multilayer sound absorbing structure 10 is 
formed with a hard porous material layer 11, a soft 
porous material layer 12 and a hard porous material layer 
13 respectively having continuous ventilating holes, in 
sequence from a sound source side, and an air layer 14. 
The air layer 14 is formed between the hard porous 
material layer 13 and a sound insulating plate B located 
outside. The hard porous material layer 11, the soft 
porous material layer 1 2 and the hard porous material 
layer 13 are formed of foamed concrete, glass wool and 
rock fiber, respectively. Three layers 11, 12, 13 are 
continuously formed. In the multilayer sound absorbing 
structure 10, the hard porous materials 11, 13, the soft porous material 12 and the air layer 14 
serve equivalently for mass, attenuation and spring respectively to compose mechanical 
vibration system and absorb ultra low frequency sound. 
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